By means of coincidence degree theory, we present an existence result for the solution of a higher-order coupled system of nonlinear fractional differential equations with infinite-point boundary conditions at resonance.
Introduction
In this paper, we investigate the existence of solutions for the following higher-order coupled fractional differential equation with infinite-point boundary value conditions:
, v (t), . . . , v (n-) (t)),  < t < , (t, u(t) , u (t), . . . , u (n-) (t)),  < t < ,
where n - < α, β < n, n ≥ ,  < ξ  < ξ  < · · · < ξ i < ξ i+ < · · · < ,  < η  < η  < · · · < η i < η i+ < · · · < ,  < a i , b i < ; D -α 
Very recently, the infinite-point boundary value problems of fractional differential equations have been discussed by researchers, whose excellent results extend many previous results; see [-] .
In , Zhang [] considered the existence of positive solutions of the following nonlinear fractional differential equation with infinite-point boundary value conditions:
In [], Ge et al. considered the existence of solutions of the following nonlinear fractional differential equation with infinitely many points boundary value problems at resonance:
From the above work, we note that it is meaningful and interesting to study the existence of solutions for fractional boundary value problems with infinite-point boundary conditions. Although fractional boundary value problems at resonance have been studied by some authors, to the best of our knowledge, fractional differential equations subject to infinite points at resonance have not been studied till now. Motivated by the work above, we considered the existence of solutions for BVP (.).
The rest of this paper is organized as follows. In Section , we give some necessary notations, definitions, and lemmas. In Section , we study the existence of solutions of (.) by the coincidence degree theory due to Mawhin [] . Finally, an example is given to illustrate our results in Section .
Preliminaries
We present the necessary definitions and lemmas from fractional calculus theory that will be used to prove our main theorems.
provided that the right-hand side is pointwise defined on (, ∞).
where n - < α ≤ n, provided that the right-hand side is pointwise defined on (, ∞).
where c i ∈ R, i = , , . . . , n -.
is satisfied for a continuous function f .
First of all, we briefly recall some definitions on the coincidence degree theory. For more details, see [] .
It follows that
We denote the inverse of this map by K P .
If is an open bounded subset of Y , the map N will be called L-compact on if QN( ) is bounded and
Theorem . Let L be a Fredholm operator of index zero and N be L-compact on . Suppose that the following conditions are satisfied:
( 
Main results
In this paper, we will always suppose the following condition holds:
and
Let N : Y → Z be the Nemytski operator
where
and N  : X → E is defined by
Lemma . L is defined as above, then
Combining with
we have
that is,
On the other hand, suppose (x, y) satisfies the above equations. Let
is a Fredholm operator of index zero.
Proof The linear continuous projector operator P(u, v) = (P  u, P  v) can be defined as
Obviously, P   = P  and P   = P  . It is clear that
Furthermore, by the definition of Ker P, we have
The linear operator Q(x, y) = (Q  x, Q  y) can be defined as
For x(t) ∈ E, we have
Similarly, Q   = Q  , that is to say, the operator Q is idempotent. It follows from (x, y)
and so L is a Fredholm mapping of index zero.
Furthermore, the operator K P : Im L → dom L ∩ Ker P can be defined by
For (x, y) ∈ Im L, we have
On the other hand, for (u, v) ∈ dom L ∩ Ker P, according to Lemma ., we have
By the definitions of dom L and Ker P, one has u (i) () = v (i) (), i = , , . . . , n -, which im-
For simplicity of notation, we set a =
, thus from (.), we have
With a similar proof to [], we have the following lemma.
Lemma . K P (I -Q)N : Y → Y is completely continuous.

Theorem . Assume (H) and the following conditions hold: (H) There exist nonnegative functions
Then BVP (.) has at least a solution in Y provided that
Substituting t = t  into the above equation, we get
Furthermore, we get
Together with |u(t  )| ≤ A, we have
By similar arguments, we obtain
The following proof is divided into four cases.
According to (.) and the definition of (u, v) Y , we can derive
By (.), we have 
By (.), we get
We can prove that  is bounded too. The proof is similar to the case . Here, we omit it.
According the above arguments, we have proved that  is bounded.
Therefore,  is bounded. Let
By the definition of the set  , we have 
which contradict (.). Thus,  is bounded. If the second part of (H  ) holds, then we can prove the set
is bounded. 
Example
Let us consider the following coupled system of fractional differential equations at resonance: 
